The available data on the microwave spectrum of isocyanic acid are critically reviewed for information applicable to radio astronomy. Molecular data such as rotational constants, centrifugal distortion parameters, dipole moments, hyperfine coupling constants, and structural parameters are tabulated. Detailed centrifugal distortion calculations have been carried out for all isotopic forms oftbis molecule, in~luding DNCO. Transitions have been predicted for the parent molecule for the frequency range 160 MHz-300 GHz. All predicted transitions include error limits. The quoted uncertainties represent one standard deviation. A 95 percent confidence limit is obtained by using approximately twice the calculated standard deviation. Estimated error limits for the measured transitions are discussed. References are given for all data included. 84 92 98 98 99 99 100 I Figures in brackets indicate literature references in section 1.4.
Introduction
The present tables were prepared in response to the needs of the rapidly progressing field of molec~lar radio astronomy and are intended to update and revise the existing tabulated literature on molecules already identifled 'in interstellar observations [IV The spectral information reported includes predicted and observed transitions between 160 MHz and 300 GHz for five iso-It is felt that these limits are generous enough to allow. for_ the presentation of all transitions which might be observed by existing telescopes, or by those likely to be developed in the next several years.
Molecular Parameter Tables
The rotational constants and centrifugal distortion constants presented in tables 1,2, and 3 were obtained from a least-squares analysis of the observed spectral lines with a computer program which includes centrifugal distortion terms, in addition to the basic rigid asymmetric rotor energy matrix. The very high rotational energies and large centrifugal distortion made it necessary to include high order terms (up to the twelfth power) in the angular momentum in: the Hamiltonian. However, the small number of observable branches of isocyanic acid in the microwave and millimeter-wave regions meant that some low order distortion const<l:nts,' in particular DK and HK, were indeterminate. The Ao rotational constants given in tables 1 -3 are thus effective constants which contain substantial contributions from the indeterminate distortion constants. All of the effective A ~ values were corrected for the largest distortion term (D K -H K ) using the far infrared data [2] ' before calculation of the moments of inertia (3] . Details of the centrifugal distortion calculation and the statistical analysis used in this review have been discussed by Hocking, Gerry, and Winnewisser [3] as well as by Helminger, Cook, and de Lucia [4] . This formulation i; similar to those discussed by Kirchoff [5] and by Steenbeckeliers [6] . 'As poi~ted out in earlier parts of this series. it is necessary to retain more shmificant figures in the spectral constants than indicated by the statistical error limits, if the constants are to reproduce the observed spectra to within experimental error. Tables   Tables 4 through 9 contain the results of the statistical analysis of the rotational spectrum of H14Nu.: CIGO, D14N 12 C 16 0, H14N13C 16 0, H15N12C160, and H14N 12 C180, respectively. For each spectral line in tables 4 and 5 the first column contains the upper state and lower state quantum number in the form JKaKc for a rigid asymmetric rotor plus the total angular momentum quantum number F=J+/t, J+l1 -1, . . . , }-/ h where II is the nuclear spin angular momentum quantum number for the 14N nucleus, with 1 1 = 1. The quantum numbers are followed by the observed unsplit line frequency. The estimated experimental uncertainty is quoted in the footnote at the end of each table. The third column contains the calculated frequency and estimated uncertainty in MHz. The calculated uncertainties represent one standard deviation obtained from the least squares analysis. A 95 percent confidence limit on the predictions is obtained by using approximately twice (this varies slightly with the number of data included in the calculation) standard deviation of the calculated un- certainties. Underneath each rotational transition the F quantum numbers are given for all transitions whose total quadrupole splitting is larger than 50 kHz. Opposite the F quantum numbers the calculated splittings' due to the nuclear electric quadrupole interaction are listed along with their estimated uncertainties in MHz. The calculated uncertainties represent one standard deviation. The actual transition frequencies can be' obtained by adding the hyperfine spliuings to the unsplit. frequency, and the estimated error of each is then the foot mean square of the individual estimated uncertainties.
Microwave Spectral
Tables 7 and 8 contain essentially only the measured spectra of 13C, laN, and 18 0 .labelled isocyanic acid together with the results of the statistical analysis and a selected number of predicted transitions. Further information is available from the authors on request. The line strengths for the unsplit rotational transitions are given in column 4. These line strengths, The total rotational energy of each rotational level was calculated using all distortion constants which were used in the analysis and quoted in tables 152, and 3. These are given in col':lmns 5 and 6 in em -1, The estimated accuracy of the calculated values for the energy levels are not better than: for Ka= 0 about two decimal places, for Ka=2 about one decimal place, for Ka~3 abollt ±l cm-I , Ka =4 about ±3 cm-1 ,.and for Ka = 5 about ± 7 em -1. No levels with K ~ 6 have been included, due to their general uncertainty, and they are also not likely to be observed astrophysically. Although the b-type transitions have been observed in the laboratory in the microwave and millimeter-wave regions, they are likely not to be detected astrophysically, due to their very high J quantum numbers. For completeness, they have, however, been included in the tables. If any further information is needed on these transitions, the authors of this review possess the necessary programs. The laboratory measurements are taken from ref.
[75], unless quoted differently in the last column. As a convenience to the user, the calculated unsplit transition frequencies from (1 )
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